Programs of education in industrial engineering, operations research, and management science should be based upon definitions of the respective fields; upon a concept of the present and future scopes and limitations of professional activity in these fields; as well as upon an evaluation of what academic disciplines provide the most suitable preparation for the respective professional activities. This paper examines these subjects and concludes that educational programs for these professions should have much in common and that, although a wide variety of quite different types of educational experience can provide the basis for professional work in industrial engineering and in operations research, these educational programs should emphasize the system and the decision-making approaches to the science, engineering, and practice of management.
the application of scientific methods, techniques, and tools to problems involving the operations of a system so as to provide those in control of the system with optimum solutions to the problems.
Definition of Management Science
THE INSTITUTE OF MANAGEMENT SCIENCES[41 identifies its objects as the identification, extension, and unification of scientific knowledge that contributes to the understanding and practice of management. SYMONDSW51 defines management science as the science of the conduct of group enterprises directed in purpose. Management science, in its present state of development, has little in the way of general laws and general truths. But, says Symonds, from the great body of general management knowledge and experience and from specific operations-research applications, will come the fundamental relations of predictive theory that will distinguish management science as a true science.
Operations Research and Management Science
The definitions of management science can apply equally well to operations research. Differences between operations research and management science are difficult to establish. LATHROP,P] discussing the question of a merger of the Institute of Management Sciences and the Operations Research Society of America, writes that there have been some efforts to distinguish between management science and operations research, but it is difficult to see where any differences have been well established. TIMS speaks of the science of managing rather than the science of operating, but this seems to be a distinction without a difference. Lathrop cites MERRILL FLOOD as implying that operations research is more engineering application to practical problems than it is research, that operations research is problem oriented, whereas management science is knowledge oriented. It has been suggested that management science embraces a much wider field theories of organization, of communications within groups, of decisioning, of utility and that operations research is a smaller part of management science. These possible distinctions, though worthy, are not yet reflected in the activities of the two societies, nor are they generally recognized or accepted. Lathrop concludes that a case has been made to support the conclusion that the two organizations have virtually identical objectives, fields of research, meetings, publications, and membership cross-sections.
Operations research, in this writer's opinion, is almost, but not completely, synonymous with management science. It emphasizes the study of those areas of management science which have more immediate usefulness for practical application. Arguments can be made for some additional distinctions between operations research and management science. But these distinctions do not serve any useful purpose in connection with the issues that are discussed in this paper. Operations research and management science will therefore be treated as the same from here on in this paper.
Definition of Industrial Engineering
The official definition of the American Institute of Industrial Engineers reads as follows: industrial engineering is concerned with the design, improvement, and installation of integrated systems of men, materials, and equipment; drawing upon specialized knowledge and skill in the mathematical, physical, and social sciences together with the principles and methods of engineering analysis and design, to specify, predict, and evaluate the results to be obtained from such systems.
In a section of the Industrial Engineering Handbook, URWICK [71 states that industrial engineering activities, while not directly concerned with the installation and maintenance of mechanical appliances, are directly concerned with their effective use and, hence, with their adaptation to the human element in the business complex on scientific lines. The common distinguishing feature of these activities, according to Urwick, is that they are primarily concerned with the most effective use of mechanical equipment and hence postulate a basic knowledge of the principles on which such equipment works, regardless of the function to which it is applied. They range from plant and office layout through work methods and planning, the reduction of material and labor costs, simplification and standardization, to base-rate analysis and quality control.
Operations Research and Industrial Engineering
Science is accumulated knowledge systematized and formulated with reference to the discovery of general truths or the operation of general laws.P8] COHEN AND NAGEL [9] say that if we look at all the sciences not only as they differ among each other but also as each changes and grows in the course of time, we find that the constant and universal feature of science is its general method, which consists in the persistent search for truth by the application of logic. Science is thus characterized by the orderly accumulation of knowledge about phenomena and their relations as well as the methods of acquiring this knowledge.
Engineering includes the arts and sciences by which the properties of matter and the sources of power in nature are made useful to man in systems, structures, equipments, machines, and manufactured products.
We may distinguish between unapplied and applied science. When the purpose of the search for knowledge is to provide systems, structures, etc., which are useful to man, the science is an applied one. When the purpose is to extend the boundaries of knowledge of a class of phenomena regardless of its practical utility, the science is unapplied. Obviously, there is much overlap between unapplied and applied science because most knowledge has potential, if not immediate, usefulness.
The distinguishing characteristic of scientific activity is research. Thus, a scientist may engage in unapplied research or applied research. (Engineering research is applied research.) The distinguishing characteristic of engineering activity is design. Thus, an engineer may engage in the design of systems, structures, products, etc. Some engineers will engage in applied research. A few engineers will even engage in unapplied research. These engineers are then functioning as applied and pure scientists, respectively. Also, some scientists will engage in engineering design. However, by and large, scientists will perform unapplied and applied research and engineers will perform engineering design and some applied research.
The conceptual relations between science, applied science, and engineering, with examples drawn from several fields including operations research and industrial engineering, are illustrated diagrammatically in Table I .
Engineering disciplines are not always based upon previous scientific developments. Much engineering therefore partakes of the properties of an art. When there is a real need for a product, process, or system, engineering will frequently develop the practical technology before the scientific background has been fully discovered. Rules-of-thumb based upon past experience and modified by the intuitive judgment that is developed by working with problems are therefore important parts of much engineering practice.
The field of knowledge covered by operations research, management science, and industrial engineering is managerial systems. The body of scientific knowledge in this field is not as large as many would like. However, as CHURCHMAN, ACKOFF, AND ARNOFF[101 have pointed out, no science has ever been born on a specific day. Each science emerges out of a convergence of an increased interest in some class of problems and the development of scientific methods, techniques, and tools that are adequate to solve these problems. Operations research is no exception. Its roots are as old as science and the management function.
Operations research is the applied science of managerial systems. Industrial engineering is the engineering of managerial systems. Management is the practice of directing and controlling managerial systems. The relation between industrial engineering and operations research is the same as that of any field of engineering and its applied science.* It is analogous to the relation between medicine and medical science or aeronautical engineering and aeronautical science.
Thus, among other things, industrial engineering practitioners are called upon to locate new plants and design their physical layouts; to analyze and plan production schedules and inventories; to diagnose and correct causes of poor quality in production; to devise ways to improve the productivity and morale of people at work; to study the feasibility of equipment replacement; to evaluate opportunities for increased automation; to measure the effectiveness of marketing, advertising, and other distribution policies; to design organization structures to meet the requirements of modern industry.
While the industrial engineer should be primarily concerned with the application and modification of existing techniques to these problems as they occur, the operations researcher should be endeavoring to discover fundamental relations and to develop new approaches, models, and techniques. Obviously, the two fields overlap in many areas.
The progress of operations research, the applied science, is important to the development of industrial engineering, the professional application. The progress of industrial engineering is also important to operations research because industrial engineering provides the payoff for the scientific research and development. * [12] an operations researcher, takes much the same point of view as Lehrer and this writer. He states his belief that unless operations research remains primarily research it will wither and die and retain no desirable professional content of its own. It must be concerned continuously with research in the broadest operational sense, rather than merely with the repetitive operational engineering application of previously successful research.
Operations-Research and Industrial-Engineering Practice
This distinction between operations research and industrial engineering is not clear-cut in practice. A large proportion of persons calling themselves operations researchers are engaged in activities that Johnson and this writer would classify as engineering.
Many persons who call themseves operations researchers are really performing the work of industrial engineers. This is not unusual: scientists frequently perform the work of engineers when a field is developing rapidly. It is usually an indication that, in one or more areas, the engineering discipline has not yet developed educational patterns that will enable its practitioners to perform in the most effective manner. Electrical and nuclear engineering versus electronic and nuclear science provide parallels to the industrial-engineering versus operations-research relation.
A large percentage of the persons practicing electronic engineering years ago were applied scientists, with training in physics. This situation occurred because electrical engineers were not, in general, trained to perform this function. These persons practicing electrical engineering considered themselves physicists because their academic training was in physics. Today, a substantial percentage of the persons performing nuclear engineering were trained as physicists or chemists because engineering training is only now being developed to provide the necessary background for this engineering work. A similar situation exists in many aspects of industrial engineering in which operations researchers with scientific education are performing engineering tasks. These persons consider themselves operations researchers (scientists) because their training was as scientists. But they are doing engineering work, analogous to a physicist doing electrical or nuclear engineering work. Of course, a good deal of this intermixture of scientists and engineers is due to the impossibility of placing people into neat occupational compartments and keeping them there.
It is the responsibility of industrial engineering to adjust its training programs to provide the necessary backgrounds that will enable its practitioners to perform effectively in all its phases. These statistics provide a general description of the educational backgrounds that current industrial-engineering and operations-research practitioners possess. The statistics therefore provide clues to some of the disciplines that may be usefully emphasized in our educational programs. However, they also indicate that a wide variety of quite different types of educational experience can provide the basis for professional work in industrial engineering and operations research.
Surveys of Industry

Opinions of Operations-Research Practitioners
We thus see that the educational background of operations researchers who are engaged in the scientific rather than the engineering aspects of the industrial-engineering-operations-research field has tended to be concentrated in mathematics, statistics, and physical science. This is to be expected because, lacking specialized educational programs that train persons for operations research, the persons who will most naturally enter this field will be those trained in the methods of mathematics and science. They can adapt these methods in their research to develop approaches that will solve the complex problems faced by management in modern industry.
There is considerable variation of opinion among leading practitioners of operations research regarding the best training and background for this field. Thus, MORSE AND KIMBALL[17I suggest that the particular type of mentality that is a success in operations research appears to be found most frequently in physics and biology and their associated sciences. A tendency to look at an operation as a whole, common to theoretical research, is needed. The special outlook seems to be found somewhat less commonly in mathematics, engineering, and economics, although there are some brilliant exceptions, according to Morse and Kimball. CHURCHMAN, ACKOFF, AND ARNOFF[181 believe that the scientist who is intent upon the pursuit of knowledge for its own sake is a poor risk. So is the scientist who is wedded to the laboratory: the complicated data of the real world are in too great contrast to the controlled conditions of the laboratory. The perfectionist, who is more intent upon the completeness of the end result than he is upon meeting a deadline, is also a poor risk. The scientist or engineer who has worked in two or three related fields of specialization, ostensibly because he has not been satisfied with the answers to be found in any one, is a good risk.
GOODE AND MACHOL1191 suggest that the operations researcher is characterized by academic training in one of the scientific disciplines, usually in one of the natural sciences, and almost always with a solid grounding in mathematics. He has a flare for broad study and the ability to take the large viewpoint. He wishes to study operations and to drop out of the picture as soon as equipment must be designed, but to return later to evaluate the equipment and determine the best way of using it. DORFMAN frequently, but not always, true.) This paper has concerned itself primarily with the relations between operations research and industrial engineering and educational backgrounds for work in these fields.
Operations researchers and industrial engineers, in accordance with the basic premise of this paper, are both concerned with the same productive systems and enterprises. Educational programs for both professions should therefore have much in common. However, the operations-research program should give more emphasis to research and analysis, that is, with contributing to the understanding of how and why the system operates, to building models that embody the laws and principles underlying systems, as well as stating these laws in formulations and equations that enable prediction and decision. The industrial-engineering program should be designed to educate engineers who will be concerned with the design of sue h systems and with methods for their effective operation. It should be addressed more to the application and modification of existing techniques toward the improvement of planning and control, production technology, work methods, product quality, and the reduction of production costs.
Studies for operations research should normally continue beyond the bachelor level, preferably to the doctorate. On the other hand, undergraduate study for industrial engineering is frequently the terminal academic work of the engineer.
Both the operations-research program and the industrial-engineering program should emphasize mathematics, probability, and statistics, engineering sciences, behavioral and economic sciences, humanities, as well as the methodologies of operations research, industrial engineering, and management. However, the operations-research program should place considerably greater emphasis on science and scientific methodology than the industrial engineering program. The operations-research student should take additional mathematics, statistics, economics, psychology, logic, and philosophy of science, etc., in place of engineering science and engineering design courses.
At the graduate level, a higher level of mathematical, statistical, and scientific competence should be expected of the operations-research student, whereas a higher level of engineering design and applied research competence should be expected of the industrial engineering student. Students in both operations research and industrial engineering should be required to develop a high level of competence in a relevant field such as statistics, mathematics, physical science, chemistry, psychology, economics, etc. (The logic of requiring a minor field is based to some extent on the concept that the methodological discipline of various fields are transferable to a great extent. The ability to apply a systems concept in depth in one field is useful and advantageous to other types of systems. Operations research and industrial engineering have not yet developed an independent body of scientific knowledge in sufficient depth to provide this discipline. There is thus an educational need for competence in depth in related fields to provide necessary methodological discipline.)
These educational programs should emphasize the systems and the decision-making approaches to the science, engineering, and practice of management. They should be flexible and experimental so that they can be changed as new developments and criticisms dictate and as experiences with their operation suggest.
